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This  report  covers  the  denlopMDt  of  a device  which  exploits  the 
correlation  between  doppler  shift  and  target  range  rate  aa  a means  of  i»- 
proving  the  detection  probability  of  exiating  echo-ranging  sonar  ay  a tews. 

A practical  Model  of  this  device  haa  bean  constructed,  for  evaluation  pur- 
poses, which  le  suitable  for  installation  aboard  combat  surface  vessels  at 
an  adjunct  to  the  QH3  Sonar  system.  This  device  previdea  a visual  display 
of  target  range  rate  end  target  range  on  a cathode  ray  tube  whose  intensity 
is  controlled  by  the  echo  strength  and  the  degree  of  correlation  between 
doppLsr  and  range  rat e.  This  is  accomplished  by  processing  the  returning 
»ith  e group  ot  narrow  adjacent  filter  channels  tc  divide  the  energy 
into  channels  according  to  the  doppler  shift,  and  by  utilising  magnetic 
recording  technique#  to  continuously  store  up  to  four  previous  ping  returns. 
The  displayed  output  is  the  result  of  envelope-integrating  over  five  con- 
seeetdve  pings  (the  lnaediate  return  pins  the  four  stored  returns).  The  in 
tegration  process  exalts  returns  fron  targets  whose  range  rate  exactly 
corresponds  to  the  doppler  shift  for  five  successive  pings  and  suppresses  : 
tone  which  do  not  exhibit  this  correlation. 
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PURPOSE  . 

1.  General.-  The  ultimata  goal  of  the  work  covered  by  tills  re-ort  was  tbs 
development  of  a device  which  would  utilise  tba  corral*  tiao  between  doppler 
shift  and  rang*  rats  to  Improve  ths  detection  probability  of  existing  eebo- 
ranglng  sonar  systsas.  In  acecaipllshing  this  purpose,  ths  work  fall  logically 
Into  thros  pbassss 

a*  A preliminary  investigation  to  determine  the  possibility  of  exploit- 
ing the  correlation  between  doppler-shift  and  anga  rate  to  improve  recognition 
differential. 

b.  A design  study  to  determine  the  methods  and  to  devalop  the  techniques 
necessary  to  accomplish  ths  desired  purpose. 

e.  The  design  and  construction  of  am  exemplary  equipment,  utilising 
the  techniques  developed,  whlcn  would  be  suitable  for  Install atlon  as  an 
adjunct  to  echo-ranging  equipment  in  combat  ahlpe. 


SBCTIOB  B 

OBTERAL  FACTUAL  DATA 

2.  Identification  of  Technicians.-  The  work  on  this  project 
ad  by  the  following  personal 


accompli  ah- 


a.  IAKEi 

KDOCATXOI* 


EXPERIENCE 1 


Dr,  Glen  P.  CAWP,  Special  Staff  Aaslatant 

University  of  California  - 

B.  S.  (Chemistry)  - 192? 

H.  A.  (Physics)  - 193i» 

Ph.  0.  (Physics)  - 1935  (Tbesiai  "Boo-Conservative 

Theories  of  Cravitatioo*) 

19U2-19L6 

Uni  varsity  of  California  - 01  vision  of  War  la  search  - 
Physicist.  Underwater  Acoustics,  crystal  transducers. 

1916-1951 

Staff  Member  of  the  Division  of  Industrial  Coopera- 
tion of  Masnacbueetts  Institute  of  Technology j 
Assigned  to  the  Operations  evaluation  Group  in  the 
Office  of  the  Chief  of  Xaval  Operations,  levy  De- 
partment. Theoretical  and  experimental  studies  of 
naval  operations  to  determine  optimal  tactics  and 
strategies,  primarily  in  the  fields  of 
anti -submarine  serf  are. 
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EXPERIENCE  - continued. 

1951-Pieoent 

Helper,  lac.  - Consultant  to  the  technical  staff  on  a 
vide  variety  of  problems  including  coetnuni  cation,  de- 
tection, identification,  fire  control,  etc* 

nr;  fsitikd 

PUK-i  AH  CM  St  Heavy  Particle  Interactions  from  Beta-Decay  Thtory 
Pfays.  Rev.  51  «•  101)6  (June  1937) 

Impedance  Representation  of  Tangential  Boundary  Conditions 
Fbys.  Rev.  6£,  501  (Kay  19li6). 

A Variational  Method  for  Linear  Dissipative  Anisotropic 


SOCIETIES: 


A variational  netnoa  lor  Linear  Uissipa' 
Systems  Ihys.  Rev.  69,  502  (Kay  191)6) 

American  Physical  Society  (Fellow) 
Washington  Philo s phi cal  Society 
Phi  Beta  Kappa 
Tau  Beta  PI 
Sigma  Zi,  etc. 


Total  number  of  hours  charged  to  project  - lt31.1 


T.  P.  BURKE,  Section  Head 

EDUCATION:  B.S.  in  Physics  - New  Tor*  University  - 1939 

Indiana  University  - 1939-19U2 
Massachusetts  Institute  of  Technology  - 19U6-19U9 
Major:  Physics  Minors:  Msth.,  Che*.,  Geology 

EXPERIENCE:  1936-1939  - New  Tor*  University  - Cockcroft-Walton 

linear  accelerator.  Taught  machine  shop  practice. 

1939*1912  - Indians  University  - Taught  undergraduate 
general  Physics.  Design,  construction,  and  operation 
of  1)5*  cyclotron.  High  vacuus  diffusion  pumps. 

19L2-1916  - University  of  California,  Division  of  War 
Research.  Design  of  piezoelectric  transducers,  sonar, 
cavitation,  ultrasonics. 

19L6-19lt9  * Massachusetts  Institute  of  Technology 
(Acoustics  Lab.).  Taught  Acoustics.  Research  in 
acoustics,  elastic  properties  of  rubber  at  high  fre- 
quencies, cavitation.  Planning,  instrumentation,  and 
execution  of  tests  at  sea  for  Navy  project. 
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1919-Present 

Kelpar,  Inc.  - Research  work  on  filters,  recorders, 
sonar,  transducers. 

Section  Head  in  charge  of  sonar  transducer  project, 
bean  forcing  devices,  sonar  trainers,  voice  channel 
compression  equipment,  and  radar  anti '■clutter  equipment. 

SOCIETIES « American  Physical  Society 

Sigma  Xi 

Total  number  of  hours  charged  to  project  - 683*8 

c.  Hugh  H.  WILLIAMS,  Project  Engineer  . 

EDUCATION j University  of  South  Carolina  - E.S.  in  E.S.  - 19  Ut 

EXPERIENCE:  1915-1916 

South  Carolina  Public  Service  Authority  (hydro-electric 
plant)  - Engineer  engaged  in  turbine  efficiency  studies, 
water  studies,  and  solution  of  general  operating  problems. 

191*6-1919 

RCA,  Victor  Division  - Engineer.  Design  and  development 
work  on  special  electronic  equipment,  component  parts, 
facsimile  equipment,  tape  and  wire  recording  equipment, 
and  broadcast  audio  equipment.  Engineered  construction 
of  the  prototype  modal  of  the  Carrier  Channel  Terminal 
Equipment  for  Western  Union  Telegraph  Co. 

19^9-Preeent 

Mel  par,  Inc.  - As  Sr.  Engineer,  did  development  work  on 
Jobs  involving  Voice  Channel  Compression,  and  tape  re- 
cording. As  Project  Engineer,  has  been  in  charge  of  de- 
velopment work  on  Voice  Channel  Compression  System. 
Electromagnetic  Delay  Mechanisms,  Sonar  Transducer,  In- 
stantaneous Power  Spectrum  Disp layer,  and  Multi-signal 
UHF  Direction  Pindar.  Presently  Proj-JCt  Engineer  in 
charge  of  development  of  the  following  projects:  A Sonar 
System,  an  Electronic  Correlation  Device  , Magnetic 
Recording  Heads,  A Beam  Forming  Commutator,  and  ASH  Fire 
Control  Equipment. 

Total  number  of  hours  charged  to  project  - 111*0.6 

d.  Thomas  E.  BAISTCN,  Senior  Engineer 

EDUCATION  i University  of  Tennessee,  Knoxville,  Tennessee  B.S.B.S. 
(Communications)  - 19U» 
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19U5-19E6 

U.  s.  Navy,  Lt.  J.g.  * Sonar  Field  Engl  user  with  Electrode 
Flald  Service  Group.  Installed,  tested,  calibrated,  and 
maintained  fleet  sonar  equipment.  Trained  ships  mainte- 
nance personnel* 

1916-1952 

Naval  Research  Laboratory,  Washington,  D.  C.  - Electronic 
Scientist.  Development  of  experimental  sonar  systems* 

1952-Present 

Helper,  Inc.  - Engaged  in  work  on  doppler  correlation 
technique e. 

IRS  (Associate) 

Total  nuaber  of  hours  charged  to  project  - 1508.7 

e.  John  Gordon  MTERS.  Senior  Engineer 

EDOCATIONi  B.S.  in  M.B.  - Virginia  Polytechnic  Institute  - 1927 

EXHBUHCEi  1927-1533  . . 4 . . 

ywgiw—r  on  various  bridge  construction  projects  in  the 
South  end  Northwest  sections  of  the  country.  Resident 
engineer  °n  two  major  bridge  jobs  in  Arkansas,  associat- 
ed with  Ira  0.  Hedrick,  Consulting  Engineer. 

1933-19U2 

National  Park  Service.  District  Ranger,  Wildlife  Ranger, 
Natural  History  Photographer.  Lectured  end  wrote  on 
husam  interest  angles  of  historical  and  natural  history 
subjects.  Lectured  to  travel  groups,  clube  end  schools. 
Wrote  for  state  conservation  booklets  end  Sunday  supple- 
ment sections  of  newspapers  through  Associated  Press. 

1912-1916 

Seabees  and  Civil  Engineer  Corps  of  U.S.  Naval  Reserve 
with  duty  in  Pacific  Area  and  in  Stateside  training  • 
areas  as  technical  instructor  supervisor. 

19U6-19l»7 

Field  end  Office  Engineer  for  narltine  construction 
company  operating  almost  exclusively  from  floating  equip- 
ment. Design  and  construction  of  materials  handling 
systems  on  barges  andof  pier  end  dock  substructures. 

Design  of  conveyor  ayatsm  for  pulp  end  fertilises*  docks 
end  warehouses. 
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19I.7-WW 

Field  Engineer  in  shipyard  constructing  nil  welded 
tankers  in  600  ft.  plus  class.  ldniMn  between  craft* 
and  hull  and  nachlne  design  sections.  Also  maintenance 
of  ways  and  yard.  Design  and  construction  of  yard  lay- 
out* 

19U9-1990 

Structural  Engineer  and  Assistant  Superintendent  on 
heavy  construction  work.  Design  and  construction  of 
sewage,  waterworks,  and  wind  tcnnal  structures. 

Operation  and  naintanane*  of  heavy  construction  equip- 
ment. 

1950-Present 

Helper,  Inc.  - Mechanical  design  on  electromagnetic  de- 
ley  line  circuit,  sonar  devices  and  circuit  triggering 
devices.  Packaging  details  of  electromechanical  devices. 


Total  mmber  of  hours  charged  to  project  - 1137.8 


f.  John  W.  GLO\ 
EDUCATION* 
EXPERIENCE* 


f 

h 


B.S.  in  K.I.  - University  of  Maine  - 19l*2 
19U2-19k3 

Naval  Research  Laboratory  - System  test  of  VHP  search 
radar  equipments.  Development  of  high  power  VHF  pulsed 
oscillators.  Development  of  BF  components  for  UHF 
Doppler  Fire  Control  Radar  System.  Development  of  a 
method  for  carrier  transmission  of  servo  data  for  radar 
relay  system. 

19114-191*5 

Navy  Department,  Electronic  Field  Service  Group, 

Technical  Assistant  to  bead  of  Radar  Section. 

191*5-191*7 

Navy  Department,  Bureau  of  Ships.  Project  Engineer  for 
airborne  radio  control  and  telemetering  systems. 

19l*7-Pr*aent 

Helper,  Inc.  - Development  of  30 -Charnel  Submini  at  ure 
Microwave  PPM  Telemeter  System.  Development  of  miniature 
power  transformers,  a 30-phase  transformer,  magnetic 
amplifiers,  and  special  purpose  magnetic  devices.  Re- 
search on  properties  of  new  magnetic  materials.  Design 
of  naval  advanced  base  cossunlcaticn  facilities.  De- 
velopment of  a low  frequency  multicoupler. 


Total  number  of  hours  charged  to  project  • 169.2 
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g.  John  H,  STEINBECK.  Engineer 


education* 
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Carnegie  Institute  of  Technology  - 1931*32  USDA  Qraduate 
School,  191*7-191*8 

1930-1531 

National  Tube  Co.  - last.  Cheedst  - Boutina  Chneri  cal 
Analysis  of  steels. 

1933-1935  • 

National  Tube  Co.  - Asst.  Chemist  - Analysis  of  stools, 
alloys,  lubricants,  ate. 

1935-1536 

Works  Project  Administration  - Project  Engineer  - 
Preparation  of  work  projects  for  local  officials. 

1910- 1911 

Army  Ordnance  - Asst.  Inspector  - Field  inspector  of 
ordnance  material. 

1911- 19ii2 

Bslsar  Corporation  * Jig  and  Tool  Inspector  * Inspection 
of  aircraft  jigs  and  fixtures. 


SOCIETIES l 


Western  Electric  - Expediter  - Field  representative  at 
plants  bolding  sub-contracts  for  tools  and  fabricated 
products. 

1916-1952 

Naval  Be  search  Laboratory  - Lab.  Electronic  Koch.  - 
Construction,  design  and  testing  in  laboratory  and 
field  of  sonar  units  and  assemblies,  including  propaga- 
tion measurements,  instrumentation,  development  end  test 
of  comb  filters,  displsy  units  and  commutators. 

1952-Present 

Helper,  Inc,  - Engineer  - Design  and  test  of  electronic 
sub-assemblies  and  units  associated  with  magnet! o storage 
unit  for  use  with  a narrow-band  analyser. 

Washington  Audio  Society 
Sigma  Alpha  Epailon  Fraternity 


Total  nunber  of  hours  charged  to  projeot  - 893*3 


Ulma  kwaa'illfm 

SECURITY  INFORMATION 


CONFIDENTIAL 


h«  John  J»  hlhCH, 
EDWUTICfil 


EXPERIENCE* 


SOCIETIES* 


Coarse  in  Physics  - Harvard  University  - Snaaer  19 1*9 
Sc.B.  in  Physics  - Brovin  University  - 1950 
Course  in  Transients  and  Linear  System  • University 
of  Haryland  (Bureau  of  Ships)  1951  - Present 

1950-Present 

Helper , Inc.  - Junior  Engineer  Engineer.  Transducer 
shell  design;  study  of  statistical  problem  of  noise 
in  radar  systems;  development  and  testing  of  magnetic 
heads  and  electromagnetic  delay  system.  Presently 
engaged  in  design  and  construction  work  on  a speech 
Sjrothesiier. 

American  Institute  of  Physics 
Philosophical  Society  of  Washington 


Total  mmber  of  hours  charged  to  project  - 580.3 


EDUCATION*  Baltimore  Polytechnic  Institute  - College  Prep, 

Johns  Hopkins  University,  Pennsylvania  State  College 
(Extension) 

Class  A.  Licensee  - Amateur  Radio 
EXPHUEJQS*  1936-1937 

B.  & 0.  Railroad  - Machinist  Appr.  Repair  and  maintenance 
locomotive  driving  mechanisms,  and  layout  frames. 

1937-1915 

Bethlehem  Steel  Corp.  - 8 years,  including  apprentice- 
ship as  roll  turner.  Turned  and  maintained  rolls  for 
slab,  tin,  pipe,  wire  and  rod  mills. 


191*5—191*6 

Gilt  Edge  Photo  Service. 


Photo  finisher 


191*6-1951 

Self-employed  - Wholesale  commercial  photo  finishing. 
1950-1951 

Bendlx  Radio,  Baltimore  - Test  Department.  Testing, 
alighnent  and  trouble  shooting  of  108  to  135*9  mega- 
cycle omnidirectional  aircraft  navigation  receivers. 
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19^1-^Veeent 

Melpar,  Inc.  - CCA  Trainer  (Coenrurdcatione  system)  - 
Magnetic  Mine  Detector,  Distributed  Aapliilera,  GRC-15. 

SOCIETIES I ARRL 

Total  number  of  hours  charred  to.  project  - 253LL  ~ 


3*  Thomas  J.  AMBROSE,  Engineer 

SWCATlCBt  B.S.  in  Physics  - Union  College  - 1950 

mssimcxt  19U2 

Rone  Air  Depot  - Junior  Aircraft  Electrician  - Air- 
craft radio  installation  and  nal ntanancs. 


19N3-19N5 

0.  S*  Army  - Radio  operator  and  mechanic 

1950-Present 

Melpar,  Inc.  - Test  engineering  and  redesign  of  tele- 
metering  euhminiature  equipment.  Telemetering  Engineer 
on  Project  Greenhouse. 

Total  nuaber  of  hours  charged  to  project  • 15.0 

Sol  1.  KOELICT, 

Engineer 

EDOCATIOfi 

(Post  Qraduate  - 32  Credits),  Polytechnic 
institute  of  Brooklyn  - 1951 

BFESUXCBt 

1951 

Polytechnic  Xnatltute  - Research  in  X-ray  intensities 
(Meaaurenent  of  X-ray  intensities  by  means  of  a Photo- 
multiplier - Tubes  1P21,  1P28,  1P22,  and  93U). 

1951-Present 

Melpar,  Inc.-  Reviev  of  Modulation  Theory  as  applied  to 
Telemetering.  Investigation  of  theoretical  and  ex- 
perimental aspects  of  Nonlinear  Dielectrics. 

socnrnsa 

American  Physical  Society 
American  Institute  of  Physics 

Total  nueber  of  hours  charged  to  project  - LO.O 
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3*  Patents. 


a*  Ho  patents  now  held  by  this  contractor  or  under  which  be  was  licensed 
at  the  initiation  of  this  contract  are  considered  to  be  applicable  to  ♦*><» 
problem. 

b.  Mo  patents  pending  and  no  inventions  being  prepared  for  patent 
application  as  of  the  date  of  this  contract  are  considered  by  the  contractor 
to  be  applicable  to  this  problm. 

It.  References. 

a.  "The  Visual  Presentation  of  Sonar  Doppler  Information,"  by  J.  V. 
Ellison,  C.  L.  Dieter,  and  V.  J.  Finney  - Report  of  MEL  Progress,  March  1951, 
p.  1 - CONFIDENTIAL. 

b.  "Magnetic  Recording,"  ty  8.  J.  Begun 

e.  "Principles  of  Underwater  Sound*  - printed  and  distributed  by  the 
Research  Analysis  Group,  Committee  on  Undersea  Warfare,  "ational  Research 
Council. 

d.  "Physics  of  Sound  in  the  Sea  (Part  I,  11,  III  and  IV),*  Research 
Analysis  Group,  Committee  on  Undersea  Warfare,  Rational  Research  Council. 

e.  "Sound  Recording,"  by  V.  0.  Trayne  and  H.  Wolfe. 

SECTION  C 

EETA1L  FACTUAL  DATA 

5.  Background. 

a.  Plng-to-Plng  Integration.-  The  range  recorder  conventionally  used 
with  echo-ranging  equipments  presents  successive  pings  lit  close  proximity. 

A human  observer  viewing  this  display  can  mentally  integrate  the  returns 
from  the  last  several  pings.  This  integration  process  serves  to  emphasise 
targets  vliich  show  an  orderly  trend  (such  as  a submarine  whose  range  changes 
relatively  slowly  and  systematically)  when  compared  with  the  erratic  signals 
which  compose  much  of  the  competing  background.  The  improvement  in  echo/back- 
ground ratio  is  evident  after  visual  integration  over  only  a few  pings,  and 
this  effect  contributes  significantly  to  an  operator's  present  target-de- 
tection ability. 

b.  Doppler  Shift.-  A sonar  target  need  exhibit  only  a small  radial 
component  of  velocity  with  respect  to  the  reverberation  background  in  order 
to  produce  a doppler  shift  which  is  audible  against  the  reverberation.  For 
example,  in  QHB  the  doppler  shift  is  approximately  IS  cycles  per  knot. 

Since  it  is  probable  that  targata  will  be  moving  radially,  such  doppler 
recognition  ia  usually  an  important  factor  in  an  operator's  present  target- 
detection  ability* 


ft 

t- 


immmi 

SECURITY  INFORMATION 


H tr-%? ',  j "«i  S-'L' ' -A  * * : T"  * ^ Vi**-- 


•si* ••v.:-^r-fi>*^r7*r’*7»''*  *^^;-'* 

'■  ; ,'•>  ,’  . - m-*  v ■ 1 - ; 4 


*»*  -r-, C’~**’J*-*  '••<*;<> 

; - * •}•  - • ' •■-  •*.  >Y/  ’-  J'v'  * • 


CONFIDENTIAL 


e.  Frequency  Scan.*  The  equivalent  filter  bandwidth  in  which  an  operator 
can  preferentially  detect  a loppler-ehifted  echo  against  a reverberation  back- 
ground is  established  by  the  attributes  of  human  hearing,  and  is  perhaps  $0 
cycles.  The  frequency  Scan  equipment  developed  at  NSL  is  intended  to  improve 
on  this  performance  by  use  of  electric  filters  and  by  visual  display  of  the 
result.  In  this  system  the  filter  bandwidth  Is  made  as  narrow  as  is  permitted 
by  the  sonar  pulse  length,  and  the  rectified  outputs  of  several  such  adjacent 
filters  are  displayed  on  an  oscilloscope.  The  target  need  have  only  small 
velocity  relative  to  the  background  in  order  to  place  the  echo  in  a channel 
different  from  that  containing  most  of  the  reverberation.  Furthermore,  the 
use  of  narrow  filters  improves  the  signal/noise  ratio  for  any  random  noise 
which  may  be  present.  No  provision  is  made  for  pulae-to-pulae  integration 
except  for  a slight  amount  at  short  ranges,  resulting  from  persistence  of  the 
scope  phosphor. 

d.  Doppler  Range  Rate  Correlator.-  In  present  equipment,  including  the 
developmental  Frequency  Scan  Indicator,  no  use  is  mads  of  the  correlation 
which  exists  between  the  range  rate  and  the  doppler  shift.  In  operator  may 
observe  range  rate  by  visual  integration  on  the  range  recorder,  and  ha  may 
hear  (or  see)  the  doppler  shift,  but  there  is  no  mechanism  to  exploit  the 
fact  that  these  are  related.  Hence  it  is  ths  basic  purpose  of  this  develop- 
ment to  design  an  equipment  in  which  this  relationship  is  exploited  to  obtain 
improved  detection. 

Furthermore  the  developmental  NHL  equipment  was  designed  for  usa  with 
the  LRS  equipment  whose  long  pulse  length  permits  exceptionally  narrow  doppler 
filters  and  whose  location  aboard  & submarine  permitted  certain  simplifications. 
1 subsidiary  purpose  in  the  present  development  la  to  construct  a more  versa- 
tile equipment  suited  to  use  aboard  surface  vessels  with  conventional  serial 
equipment  (such  aa  QHB). 

6.  Preliminary  Investigation. 

a.  Purpose.-  In  order  to  establish  the  basic  design  parameters  of  this 
device,  It  was  necessary  to  assess  the  value  of  the  frequency  scan  technique 
and  ping -to -ping  integration,  and  to  determine  the  probable  value  of  a dis- 
play which  combines  these  effects  to  exploit  the  doppler-range  rate  correlation. 
Essentially,  the  purpose  of  this  phase  was  to  assimilate  sufficient  infor- 
mation to  provide  a basis  for  determining  the  optimum  number  of  filter 
sections  in  the  comb  filter  and  the  bandwidth  of  each,  and  thw  optimum  number 
of  pings  to  be  integrated. 

b.  Selection  of  a Sonar  System.-  It  wss  decided  to  design  this  equip- 
ment for  use  with  the  QHB  Sonar  system,  because  this  Is  the  most  comoe 
sonar  equipment  in  present  use.  In  order  to  fully  utilise  a comb  filter, 
the  frequency  stability  of  the  sonar  must  ba  quite  good.  Itae  to  the  uni- 
control system  of  frequency  control  used  in  QHB,  the  over-all  stability  can 
be  made  quite  good  by  stabilising  ths  master  oscillator.  Although  there  la 
correlation  between  total  doppler  shift  and  range  rate,  there  is  no  corrals- 


com. 

SECURITY  INFORMATION 


CONFIDENTIAL 


r 


9 


K - 


)/ 

r 


$ 


tloo  between  target  de^pler^-  and  range  rate.  Hence,  the  returning  signal 
*oet  he  obtained  fro*  the  QHB  at  a point  ahead  of  the  Beat  Frequency  Oscillator 
in.tecticn  point  in  order  to  prevent  the  "own  copplsr  nullifier"  circuit  fra* 
altering  the  doppler  information,  A-!  so,  the  frequency  cf  the  signal  at  this 
point  is  acre  reliable  than  after  being  mixed  with  the  BFO.  Accordingly, 
it  was  decided  to  obtain  the  signal  frca  the  i-f  section  cf  the  QHB  audio 
receiver. 

r.  Filter  width.-  Vork  done  at  Md.  on  frequency  scan  displays  indicates 
that  the  improvement  in  echo-tc-back^round  ratio  in  a visible  display  is  pro- 
portional to  the  ratio  of  the  over-ell  pass  band  of  the  receiver  to  the  band- 
width of  the  individual  filter  which  passes  the  echo.  This  is  a significant 
Improvement  in  most  cases  since  the  filter  bandwidth  can  be  made  In  the  order 
of  cycles  whereas  the  pass  band  of  the  receiver  is  usually  in  the  order  of 
hundreds  of  cycles.  A limit  to  the  improvement  that  can  be  obtained  by 
narrcvir.g  the  bandwidth  of  each  filter  section  is  approached  as  the  filter 
bandwidth  approaches  the  inverse  of  the  scnar  pulse  length.  Since  the  QHB 
pulse  length  is  in  the  order  cf  33  milliseconds  the  optima*  filter  bandwidth 
is  approximately  33  cycles.  Narrower  filter  bandwldths  offer  no  appreciable 
gain  since  the  echo  energy  begins  to  be  distributed  over  *ore  than  one  filter. 
Ho»ever,  it  was  deemed  d-sirable  to  make  the  filter  section  bandwldths  such 
that  each  filter  channel  would  represent  an  integral  increment  of  range  rate 
as  measured  in  knots.  Since  the  doppler  shift  is  slightly  less  than  0.7 
cycles  per  knot  per  kc,  the  doppler  shift  for  1 knot  range  rate  would  be  18 
cycles  at  the  QHB  operating  frequency  of  26  kc.  ^ince  18  cycles  ie  »uch  too 
narrow  for  the  QHB  pulse  length,  a filter  section  bandwidth  of  36  cyclee,  re- 
presenting 2 knots  range  rate,  was  adopted.  This  bandwidth  is  near  enough 
the  optima  of  33  cycles,  as  determined  by  the  QHB  pulse  length,  to  be  satis- 
factory in  both  respects,  i.e.,  optima  bandwidth  and  integral  increment  of 
range  rate. 

d.  K umber  of  Channels.-  In  order  to  minimi  re  the  complexity  of  this 
equipment,  it  was  desirable  to  keep  the  number  cf  range  rate  channels  to  a 
wind  mum.  It  was  felt  that  socie  liberty  could  be  exercised  in  this  choice 
simply  because  this  was  a developmental  equipment  which  could  be  modified  as 
necesw.ry  after  evaluation  tests  established  the  cperetirg  parameters  needed. 
However,  the  choirs  was  not  e-tirely  arbitrary,  bince  this  equipment  was 
to  be  primarily  a detection  device  it  v.a  oor;.d«"i  *o  include  only  closing 
range  rates,  it  being  Improbable  that  an  initial  detection  contact  could  be 
established  on  a target  whose  rang*  vas  eteaiiiy  increasing.  Consequently 
12  channels  were  selected  as  the  master  to  ie  used,  representing  range  rates 
fra*  tero  to  22  knots  closing.  The  upper  limit  aoes  not  necessarily  repre- 
sent the  optima,  but  should  be  sufficient  to  permit  successful  evaluation 
testa. 


a.  Pirg-To-Plnr  lnb-yrwtl or..-  Although  it  is  difficult  tc  assess  the 
exact  value  o^  the  plng-to-ping  ir* egrativn  ability  of  the  range  recorder 
in  terms  of  db  improvement  in  c ignal-tr-tackfrourii  !*■  el/t  is  possible  to 
determine  the  value  of  its  electrical  m.al.g.  bv-cessirs  ping  returns  can 

*The  frequsney  difference  between  the  echo  and  Me  reverberations. 
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be  added  together  electrically  (with  suitable  Methods  of  delay  to  obtain 
time  coincidence)  without  regard  to  the  phase  relation shins  of  the  Individual 
echoes  if  the  ping  return  is  rectified  before  adding  and  the  voltage  envelope 
used  instead  of  the  original  signal.  This  is  valid  since  the  envelope 
accurately  represents  the  instantaneous  RMS  amplitude  of  the  return.  Successive 
echoes  that  constitute  periodic  signals  which  when  added  together  produce  a 
result  which  is  the  sua  of  the  individual  echoes.  Assisting  n succesive  echos* 
of  equal  intensity,  the  ra  would  be  20  log  n db  greater  than  any  individual 
echo.  Since  the  background  noise,  however,  is  a completely  random  process, 
its  voltage  envelope  is  also  random  in  character,  and  successive  background 
envelopes  will  add  in  power  instead  of  in  voltage.  Thus  n successive  back- 
grounds of  equal  average  intensity  will  produce  a sua  which  Is  10  log  n 
greater  then  any  individual  background  of  the  aeries,  "bus,  the  laproveeunt 
in  s ignal - to-nol ee  ratio  resulting  from  adding  n successive  ping  returns 
together  la  the  signal  increase  ainus  the  noise  Increase,  20  log  n -10  log  n, 
or  simply  10  log  n.  This  is  the  improvement,  in  db,  of  the  aignal-to-noiee 
ratio  after  adding  n ping  returns.  The  addition  of  two  ping  returns  gives 
a 3-db  improvement,  three  pings  gives  U.?6  db,  four  plnge  gives  approximately 
6 db,  and  integration  over  five  pings  gives  a 7-db  improvement.  After  fiva 
pings,  the  improvement  is  less  than  1 db  per  additional  ping,  and  the  number 
of  pings  stored  and  integrated  over  must  be  doubled  to  obtain  another  3-db 
improvement.  Although  this  is  by  no  means  an  exact  method  of  determining 
the  improvement  gained  by  the  ping-to-ping  integration  ability  of  the  range 
recorder,  it  is  a useful  estimate  of  that  ability.  Based  on  this  estimate, 
five  pings  were  selected  as  being  the  best  number  of  pings  to  integrate  over 
to  obtain  the  maximal  improvement  without  seriously  violating  the  law  of 
diminishing  returns. 

Since  the  number  of  pings  stored  and  Integrated  affects  the  search  rate 
of  the  sonar  system,  it  was  decided  to  include  a switch  to  select  a Iss^r 
number  of  pings  to  be  stored  and  integrated  in  order  to  provide  increased 
search  rates  when  necessary.  This  actually  is  a variable  that  could  beet 
be  resolved  after  evaluation  teats  at  sea. 


a.  Approach.-  The  immediate  objective  of  the  design  study  phase  of 
this  project  was  to  determine  the  best  method  of  reducing  the  theory  to 
practice.  During  this  phase  several  methods  of  achieving  the  basic  purpose 
in  a practical  equipment  were  given  consideration  before  the  approach 
actually  used  was  adopted.  Although  the  other  approaches  to  the  problem 
that  wars  considered  might  possibly  have  resulted  in  a practical  equipment, 
it  is  felt  that  the  method  finally  chosen  represents  the  best  all-around 
approach  in  terns  of  available  or  standard  techniques  and  technical  "know 
how".  In  all  of  the  methods  considered  the  returning  signal  was  to  be  process- 
ed by  a group  of  filters  to  obtain  the  doppler  shift  informatics,  and  than 
processed  or  displayed  In  a manner  to  achieve  the  ping-to-ping  integration 
that  waa  desired.  Since  the  filter  operation  was  fairly  straightforward, 
the  major  iaswe  was  the  method  of  processing  or  displaying  the  slpial  to 
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obtain  tba  ping-to-ping  integration  for  exploitation  of  the  doppler-range 
rata  -correlation, 

b.  Paper.-  The  first  Bathed  that  waa  investigated  involved  tba  uaa  of 
a chemical  paper  recorder  similar  to  the  range  recorder.  The  return,  after 
being  processed  by  the  inters,  was  fed  to  a group  of  sty  11  on  the  recorder, 
one  stylus  for  each  output  of  the  filter,  so  that  each  stylus  represented 
one  doppler  channel*  Figure  1 shows  the  arrangement  of  this  systaa. 

Sufficient  space  was  provided  between  the  styli  to  allow  five  pings  to  be  re* 
corded  at  normal  paper  speed  without  overlap*  ifter  five  pings  the  paper 
was  rapidly  advanced  by  the  amount  of  the  window  height  to  bring  fresh  paper 
under  all  of  the  styli  preparatory  to  another  run  of  five  pings*  In  order 
to  enable  the  operator  to  take  maximum  advantage  of  the  ping-tc-ping  inte- 
gration ability  of  the  recorder,  the  starting,  or  rero,  position  of  each  of 
the  styli  was  shifted  during  the  five-ping  run  at  a rate  equal  but  opposite 
to  the  range  rate  represented  by  the  doppler  channel  which  fed  the  stylus* 

This  caused  all  true  targets,  regardless  of  range  rate,  to  appear  as  a 
vertical  trace  in  the  channel  which  represented  their  range  rate.  This  is 
shown  in  figure  2*  This  relieved  the  operator's  burden  to  some  extent  since 
he  only  had  to  watch  for  some  semblance  of  a vertical  trace* 

Although  this  scheme  had  some  minor  drawbacks,  such  as  the  fairly  large 
area  which  the  operator  was  required  to  scan  continuously,  the  major  objection 
was  the  tremendous  rate  of  paper  consumption.  An  area  the  sise  of  the 
window  was  used  every  five  pings,  and  since  this  was  basically  a detection 
equipment,  the  display  vould  be  used  almost  continuously  instead  of  just 
being  used  for  actual  tracking  of  a known  target  as  the  range  recorder  is 
used.  The  storage  space  required  to  provide  enough  paper  to  supply  this 
device  for  only  a few  weeks  at  sea  would  be  prohibitive* 

c.  Fading  Paper.-  In  order  to  reduce  paper  consumption,  effort  wee 
directed  to  finding  some  visible  method  of  recording  which  would  subsequently 
fade  or  which  could  be  erased  automatically  in  order  to  permit  reuse*  Such 
a recording  material  would  permit  the  use  of  endless  belts,  and  if  the  eras- 
ing time  were  reasonably  short  the  belt,  lengths  could  easily  be  accommodated 
in  the  cabinet* 

Upon  study  this  turns  out  to  be  an  unusually  challenging  problem  when 
it  is  required  that  the  means  be  suitable  for  service  use*  For  example, 
it  was  deemed  unsatisfactory  to  make  use  of  tanks  of  liquid  which  might 
bleach  the  record.  If  gaseous  erasers  are  to  be  considered,  it  is  difficult 
to  find  bleaching  gases  whose  leakage  would  be  acceptable  in  the  confined 
places  aboard  ship*  The  methods  given  at  least  cursory  thought  were 
extremely  diverse  (and  perhape  amusing).  For  instance,  it  right  be  possible 
to  deform  visibly  the  nap  of  a velvet-like  fabric  by  tho  motion  cf  a stylus 
and  then  to  erase  this  by  raising  the  nap  in  an  electrostatic  flsld.  Or 
perhaps  to  deform  a pliable  wax  surface  and  then  to  restore  It  by  remelt- 
lng.  Optical  means  were  considered,  in  which  a semi -permanent  stress 
pattern  in  a transparent  plastic  might  be  msde  visible  by  Polaroid*  All  of 
these,  and  numerous  others  "work*  but  are  impractical. 
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The  comnonplace  "Magic  Slate"  childrens'  toy  was  investigated  at  none 
length*  In  this  device  a black  wax-cohered  board  Is  covered  with  a thin 
opalescent  sheet  of  acetate  plastic.  Vritlng  oc  the  plastic  with  a stylus 
causes  the  point  of  contact  to  stick  to  the  wax  and  to  appear  black.  The 
board  can  be  erased  by  lifting  the  acetate  momentarily.  This  Method  works 
rather  well  and  has  a certain  amount  of  dynamic  range,  principally  by  width 
modulation.  However,  the  problea  requires  Z Modulation  over  an  appreciable 
dynamic  range,  and  no  materials  could  be  found  which  appeared  to  hold  such 
promise  although  all  sorts  (including  friction  tape,  scotch  tape,  pitch, 
various  waxes,  etc.}  were  tiled. 

The  method  which  looked  most  promising  for  a time  involved  the  uee  of 
mercuric  iodide  (although  it  was  realized  that  its  permissibility  was 
questionable).  Mercuric  iodide,  normally  a bright  reddish-orange  at  roo« 
temperatures,  abruptly  changes  color  to  a bright  yellow  at  127°C.  Thie  is 
a reversible  physical  change  and  does  not  involve  any  chemical  change.  Upon 
cooling  the  color  slowly  reverts  to  the  original  reddish  orange.  This 
material  on  an  endless  belt  could  be  written  upon  by  a hot  stylus  and  would, 
during  one  revolution,  return  to  its  original  state.  Since  there  is  to 
convenient  way  to  heat  and  >-ool  a atylus  at  the  required  30-cyde  rate, 
modulation  would  be  obtained  by  varying  the  stylus  pressure.'  Although  severs! 
drawbacks  were  evident,  such  as  limited  dynamic  range  and  seme  question  of 
chemical  stability,  this  method  was  under  study  until  the  following  mors 
practical  method  was  evolved. 

In  considering  gases  which  might  be  used  in  suitable  chemical  reactions 
to  bleach  a record,  at  least  nitrogen,  oxygen,  carbon  dioxide,  and  water  are 
above  suspicion  and  hence  permissible,  llhile  others  may  exist,  one  involving 
carbon  dioxide  was  finally  hit  upon  and  tested  fairly  thoroughly.  The  start- 
ing point  is  the  fact  that  sodium  carbonate  and  sodium  bicarbonate,  when 
electrolyzed,  form  sodium  hydroxide  at  one  electrode  and  carbon  dioxide  gas 
(plus  water)  at  the  other.  The  gas  escapes  but  the  sodium  hydroxide  does 
not.  Since  the  hydroxide  is  a much  stronger  base  than  either  carbonate,  s 
suitable  indicator  could  be  used  to  turn  color  where  the  hydroxide  was 
formed  under  the  stylus.  In  the  tests  phenolphthalein  was  used  as  the  in- 
dicator, giving  a very  bright  reddish  purple  mark  against  a white  background. 

The  erasure  is  automatic  because  sodium  hydroxide  absorbs  carbon  dioxide 
from  the  atmosphere  fairly  rapidly  to  form  the  carbonates.  The  carbon 
dioxide  required  for  this  is  just  that  amount  originally  liberated  at  the 
other  electrode,  and  so  the  entire  cycle  is  reversible.  In  a closed  system 
no  carbon  dioxide  need  be  added:  however,  it  would  not  be  difficult  to  "charge* 
the  atmosphere  with  sufficient  carbon  dioxide  using  a "Sparklets"  cartridge 
or  even  the  human  breath. 

After  the  basic  principles  were  deaonstrated  it  became  evident  that  a slight, 
modification  was  required.  The  tests  used  sodium  bicarbonate,  but  this  material 
converts  to  the  full  carbonate  on  prolonged  exposure  to  the  atmosphere,  and 
the  full  carbonate  is  more  basic  than  the  bicarbonate.  Vihereas  the  pH  of  bi- 
carbonate will  not  change  phenolphthalein,  that  of  the  carbonate  will,  and  so 
the  paper  gradually  turned  color  on  exposure  to  the  air.  There  are  two 
simple  solutions  to  this  difficulty*  use  a different  indicator  whose  pH  range 
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is  higher  (above  11),  or  buffer  the  pH  down  below  the  range  of  phenolphthalein. 
No  indicator  was  found  in  this  pH  range  which  offered  a color  change  as  nse- 
ful  as  that  of  phenolphthalein,  and  ® a buffer  was  added.  Nearly  any  buffer 
is  admissible,  provided  its  electrolysis  products  are  acceptable.  So  dint 
acetate  was  found  to  be  satisfactory,  and  was  added  to  the  formulation.  Hence, 
the  paper  treatment  consists  merely  of  a solution  of  sodium  bicarbonate, 
sodium  acetate,  and  phenolphthalein  in  water  - an  iiroeuous  and  inexpensive 
mixture,  easily  applied. 

Of  course  this  paper  was  still  a *wet*  paper,  requiring  the  presence  of 
a suitable  amount  of  water  to  permit  electrolysis.  Several  such  papers 
(permanent  marking)  are  well  known,  including  that  used  in  the  present  range 
recorder,  and  this  paper  would  be  no  more  difficult  than  they.  However,  the 
difficulty  of  retaining  the  proper  moisture  content  is  well  known,  and  efforts 
were  made  to  stabilize  the  water  in  thia  paper.  These  consisted  of  the  addition 
of  glycerine  and  aome  of  ita  cousins,  such  as  d-sorfaitol,  which  act  to  retain 
water.  The  results  were  chemically  interesting  but  disappointing,  since  the 
presence  of  these  materials  inhibited  fading  in  the  jresence  of  carbon  dioxide 
gas.  It  is  supposed  that  the  affinity  of  these  compounds  for  OH  ion  is 
sufficient  to  * tie-up*  the  sodium  hydroxide  by  olation  and  so  prevent  the 
reaction  with  carbon  dioxide  and  yet  leave  the  OH  ion  sufficiently  free  to 
change  phenolphthalein.  In  a ay  ease  no  method  of  stabilising  the  water  in 
this  paper  was  found. 

The  physical  arrangement  of  a display  using  fading  paper  was  visualized 
ga  a number  of  endlesa  belts,  ace  belt  for  each  doppler  channel.  In  order 
to  avoid  the  mechanical  problems  of  varying  the  starting  positions  of  the 
styll,  the  same  effect  waa  achieved  by  tilting  each  belt  of  recording  paper 
the  proper  amount  with  reference  to  the  window  (and  direction  of  stylus  travel). 
Although  somewhat  simpler  mechanically  this  display  was  even  more  objection- 
able from  the  psycho-physical  standpoint  since  the  operator  was  required  to 
visually  scan  a sizable  area  almost  continuously.  In  addition  to  this,  the 
display  was  still  fundamentally  a wet  chemical  paper  recording  process  with 
all  of  ita  well  known  disadvantages.  It  was  determined  that  an  entirely  fresh 
approach  to  the  problem  was  necessary. 

Vhile  these  3tudies  were  in  progress,  attention  turned  to  the  magnetic 
recording  method  ultimately  used,  and  no  further  work  in  the  former  direction 
was  done.  It  is  suggested  that  this  fading  paper  may  have  other  interesting 
applications,  and  that  development  should  continue  under  separate  contract. 

d.  Magnetic  Storage.-  This  approach  to  tha  problem  offered,  by  far, 
the  most  advantages  of  the  various  methods  considered.  Several  variations 
of  the  basic  idea  were  considered  before  the  method  actually  used  was 
finally  adopted.  In  this  method  the  sonar  information  is  first  processed  by 
filters,  as  before,  but  the  outpet  of  each  filter  is  recorded  on  s rotating 
magnetic  dru*  which  has  a separate  track  for  each  doppler  channel.  The 
diameter  of  the  drum  Is  sufficient  to  record  four  successive  sonar  pings. 
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Along  each  recording  track  are  located  four  reproduce  heads  spaced  approximate- 
ly one  sonar  ping  length  apart,  starting  one  sonar  ping  length  after  the  re- 
cord head*  The  exact  spacing  of  the  reproduce  heads  is  such  that  four  success- 
ive echoes,  returning  at  a range  rate  corresponding  to  the  doppler  channel  In 
which  they  occur  will  be  reproduced  by  the  four  reproduce  heads  simultaneous-’ 
ly  with  the  occurence  of  the  fifth  consecutive  echo*  The  amplified  and  recti- 
fied outputs  of  the  four  reproduce  heads  are  linearly  added  with  the  rectified 
incoming  signal  to  produce  a signal  voltage  envelope  which  is  the  result  of 
five-ping  integration.  There  are  as  many  integrated  outputs  to  be  displayed 
a b doppler  channels.  These  outputs  are  sampled  by  a ccenutator  and  display- 
ed as  Z axis  modulation  on  a cathode  ray  tube.  The  cathode  ray  tube  deflections 
are  arranged  to  display  range-rate  (oxuxnate)  versus  range  (abcissa)  with  the 
intensity  being  proportional  to  the  echo  strength  and  doppler-range  rate 
correlation* 

The  magnetic  storage  method  accomplishes  the  basic  purpose  of  this  pro- 
ject of  simultaneously  utilizing  the  two  fundamental  effects  and  exploiting 
the  doppler-range  rate  correlation;  however,  the  burden  of  integration  in  this 
scheme  is  shifted  from  the  operator  to  the  electronic  circuitry.  In  addition, 
the  display  is  compact  and  easy  to  observe,  possesses  good  dynamic  range,  and 
is  easy  to  interpret. 
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8.  Development. 

a.  Purpose.-  This  phase  of  the  project  was  concerned  wLth  developing 
the  necessary  techniques,  methods,  operating  parameters,  and  component  parts 
to  enable  a practical  model  equipment  to  be  constructed.  The  effort  during 
this  phase  was  directed  mainly  toward  the  development  of  s 

(1)  a suitable  magnetic  recording  storage  method 

(2)  a sampling  commutator 

(3)  filters 

b.  Magnetic  Recording  Medium.-  The  magnetic  recording  drum  had  to  ho 
capable  of  storing  12  individual  tracks,  corresponding  to  the  12  range  rate 
channels  as  determined  by  the  12  filters.  The  circumference  of  the  drum  had 
to  be  large  enough  to  store  at  least  four  successive  pings  during  one  revo- 
lution at  a high  enough  rotational  speed  to  give  a linear  surface  speed 
sufficient  to  record  the  frequencies  involved.  The  total  frequency  band 
stored  on  the  drum  is  132  cycles,  12  bands  of  36  cycles  each.  Magnetic  re- 
cording has  a definite  upper  frequency  limit  which  is  proportional  to  the 
speed  of  the  medium  and  inversly  proportional  to  the  magnetic  gap  of  the 
reproduce  unit.  The  rotational  speed  of  the  drus  is  fixed  by  the  range  in- 
terval and  number  of  pings  stored,  and  the  gap  width  used  represents  • 
practical  minimum.  Thus,  the  frequency  range  had  to  be  kept  as  low  ss 
possible  in  order  to  keep  the  required  surface  speed  of  the  drum,  end  con- 
sequently its  diameter,  to  a minimum.  On  the  other  hand,  the  frequency  range 
had  to  be  suitable  for  filtering  with  reasonable  size  Inductors  and  capacitors 
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in  the  filter  network. 


Various  type*  of  magnetic  recording  mediums  war*  considered  for  uh  as 
a drum  surface.  On*  of  the  first  nediuxs  considarad  was  magnetic  recording 
paper  or  acatat*  baa*  tape,  similar  to  that  used  in  ccsmerclai  tap*  record* 
ere.  Such  tape  has  tha  beat  recording  characteristics  of  any  available 
medium,  and  ahaata  of  this  material  are  available*  However,  no  successful 
method  of  attaching  a sheet  to  tha  drum  surface  could  be  devised  vhioh  did 
not  have  a discontinuity  somewhere  along  tha  surface*  Furthermore,  the  dur- 
ability of  tape  under  continued  wear  la  questionable*  Another  medium  con- 
sidered was  one  layer  of  magnetic  recording  plated  wire  tightly  wound  on  the 
drua  to  provide  a recording  surface.  Experimentation  with  this  technique, 
however,  shoved  that  the  upper  frequency  response  was  inferior  to  that  of 
tape,  and  the  mount  of  flutter  modulation  was  excessive,  Both  of  these  effect* 
were  undoubtedly  due  to  the  small  area  of  contact  between  the  magnetic  head 
and  the  rounded  surface  of  the  individual  vires,  and  to  tho  slight  differences 
in  diameter  of  various  individual  turns  which  caused  this  contact  area  to 
vary  appreciably* 

The  medium  finally  used  was  magnetic  recording  rubber  bands  made  by 
Brush. Development  Co.  These  bends  are  made  of  neoprene  rubber  Impregnated 
with  red  iron  oxide  powder  to  make  them  magnetic*  lbe  rubber  la  also  im- 
pregnated with  a wax  to  continuously  lubricate  the  surface  to  reduce  the 
friction  between  the  rubber  end  magnetic  heads.  Tha  recording  response  of 
a sample  band  on  an  experimental  drum  is  shown  in  figure  3 for  a surface 
speed  of  approximately  1.5  inches  per  second.  The  frequency  response  compares 
favorably  with  acetate  base  tape,  the  output  being  only  slightly  below  that 
of  tape.  Baaed  on  this  frequency  response,  the  frequency  band  was  set  at 
180  cycles,  to  612  cycles.  _ This  band  was  also  suitable  for  filtering. 

c.  Recording  Crum.-  In  order  to  determine  the  proper  rotational  spaed 
of  the  drum  to  store  four  pings,  the  speed  of  sound  in  water  was  assumed  to 
be  1*920  feet  per  second*  Ihis  was  based  on  the  following  assumptions* 

Average  depth  • $0  feet 
Salinity*  3h  parts  per  thousand 
Hominal  temperature*  57»2°F 

The  error  due  to  temperature  will  be  +2%f  st  1*0°  F end  at  81°  F* 

The  time  required  for  a ping  at  3750  yard  rang*  1st 

- lu57  seconds. 

Keying  st  an  interval  of  1**7  seconds  allows  130  milliseconds  for  equipment 
recovery  time  since* 

li*7  • li« 57  " 0.13  seconds. 

Increasing  the  speed  of  the  drua  exactly  2}  times  for  the  1500  yard 
range  interval,  tha  time  allowed  for  a ping  la* 

- 1*86  seoonda* 
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The  tine  required  for  one  ping  at  the  1500  yard  range  interval  let 


x 2 x 3 „ 


1.825  seconds. 


liras,  the  time  allowed  for  equipment  recovery  for  the  1500  yard  range  inter* 
val  is  55  till t seconds  aincet 

1.88  - 1.825  • 0.055  seconds. 

The  dram  is  divided  into  five  equal  areas,  four  for  storage  and  one  for 
erase,  and  rotates  at  2.553  rpm  for  the  3750  yard  range  rate  to  give  exactly 
the  1.7  seconds  time  required  to  rotate  1/5  of  a revolution.  A cam  geared 
to  the  drxai  operates  the  keying  micro switch  once  each  l/5  of  a revolution  to 
give  five  pings  per  drum  revolution.  The  synchronous  motor  drives  the  drum 
through  two  speed  reducing  gear  trains  which  incorporate  electromagnetio 
clutches,  one  for  3750  yards  and  the  other  for  1500  yards.  The  proper  gear 
train  is  selected  by  the  operation  of  the  proper  electromagnetic  clutch. 

The  over-all  diameter  of  the  drum  with  the  rubber  in  place  is  12.7  inches 
giving  a surface  speed  of  approximately  1.7  inches  per  second  at  the  3750 
yard  range  rate. 

d.  Magnetic  Rec ord-Reproduce  Cnits.-  The  record-reproduce  heads  used 
in  this  equipment  are  a modified  version  of  a design  developed  earlier. 

A certain  Mount  of  experimentation  was  necessary  to  determine  the  optimum 
gap  size  to  use  in  this  application,  and  considerable  effort  was  devoted 
toward  improving  the  quality  control  in  manufacture  to  assure  a uniform  pro- 
duct. The  completed  head  la  potted  in  plastic  in  a soft  iron  cup  Wiich  acts 
as  a magnetic  shield.  Figure  it  shows  the  component  parts  of  one  of  the  heads 
in  an  exploded  view,  a completed  head,  and  a cross  sectional  view  of  a completed 
bead.  The  magnetic  pole  pieces  of  the  heads  are  made  of  0.006"  moly  permalloy 
laminations  which  are  hydrogen  annealed  after  stamping.  The  pole  piece  faces 
are  first  ground  and  then  sent  through  several  lapping  operations  to  assure 
uniform  flat  surfaces.  The  gap  is  made  of  0,0006  inch  aluminum  foil.  The 
coll  is  wound  on  a nylon  bobbin,  and  a nylon  insert  is  used  to  position  the 
head  in  the  cup.  The  entire  unit  is  encapsulated  in  a Bakelite  potting  com- 
pound. The  characteristics  nf  these  beads  are  as  follows* 

Gap  width!  0.0006  inch 
Inductances  80  mh,  record  unit 

100  mh,  reproduce  units 
Freq.  responses  uniform  to  about  100  ke 

e.  Sampling  Commutator.-  The  sampling  commutator  is  required  to  sample 
sequentially  the  outputs  of  the  12  channels  in  order  to  display  the  infor- 
mation on  a single  cathode  ray  tube.  Since  the  highest  frequency  components 
contained  is  the  rectified  envelope  of  the  33 -millisecond  QHB  pulse  are  is 
the  order  of  33  cycles,  the  sampling  rate  must  be  at  least  66  samples  per 
second  (twice  the  highest  frequency  component  in  the  information  sampled). 
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In  order  to  assure  good  sampling,  a sampling  rate  of  100  sample*  per  second 
vee  chosen.  An  electronic  sampling  switch  can  achieve  this  sampling  rate 
wiwi  comparative  ease,  but  in  order  to  keep  the  site,  complexity,  and  electron- 
ics at  a minimum,  it  was  decideu  that  a simple  motor-driven  mechanical  consut- 
ator  would  be  the  most  desirable.  Commercially  available  signal  sampling 
commutators,  designed  for  telemetering  applications,  sample  at  rates  much 
slower  than  100  samples  per  second  with  rather  abort  life  expectancies.  How- 
ever, after  considerable  experimentation  with  various  contact  materials,  a 
successful  commutator  was  developed  which  sanpled  at  the  desired  rats  and 
showed  no  measurable  wear  after  several  hundred  hours  of  operation. 

The  final  conmutator  design  employs  silver  grapballoy  brushes  running 
on  coin  silver  commutator  segments.  Silver  graph alloy,  a commercially 
available  compound  of  silver  and  graphite,  was  finally  chosen  as  a brush 
material  for  its  self  lubricating  properties  which  reduces  the  brush  wear  to 
a minimum.  The  conmutator  segments  are  made  of  coin  silver  bonded  to  a copper 
base.  This  material  was  used  rather  than  silver  plating  the  segments  since 
the  coin  silver  is  much  harder  than  plated  silver. 

During  the  development  of  this  conmutator  it  was  found  that  a relatively 
•oft  brush  running  or,  relatively  hard  commutator  material  gave  the  beat  re- 
sults. Brushes  made  of  material  as  hard  as  or  harder  than  the  commrtator 
segments,  such  as  tungsten  or  silver  alloys,  would  start  to  gall  at  the 
slightest  imperfection  in  the  commutator  finish  and  would  wear  the  commutator 
enough  to  render  it  useless  in  a short  time. 

The  conmutator  segments  are  held  in  place  by  potting  in  a thermosetting 
resin  compound.  The  commutator  was  made  of  22,  segsents,  opposing  segments  be- 
ing connected  in  parallel,  so  that  the  Information  was  sampled  twice  for  each 
rotation  of  the  brush.  Thus,  the  commutator  gives  a sampling  rate  of  100 
samples  per  second  when  driven  at  3000  rpra.  An  induction  motor  running  at 
this  speed  supplies  the  drive.  The  commutator  is  arranged  for  non-shorting 
operation  with  each  information  charnel  contacted  about  75J*  of  the'Total  avail- 
able time,  the  remaining  2$%  dead  time  being  used  for  contact  transfer. 

f.  Filters.-  Design  of  the  filters  was  relatively  straightforward. 

For  these  frequencies,  conventional  lumped  constant,  L C filter  design  was 
adequate.  The  final  design  employs  constant  X type  single  T section  filters. 
Powdered  iron  toroidal  cores  were  used  in  the  inductances.  The  full  T section, 
which  was  required  to  obtain  the  desired  steepness  of  the  filter  character- 
istic elopes,  yields  an  adjacent  band  rejection  of  at  least  12  db.  The 
constant  X type  T section  was  also  the  most  suitable  design  for  this  application 
since  it  was  most  convenient  to  drive  all  filters  in  parallel  from  a coma  on 
source.  Since  the  impedance  of  the  constant  X T rises  outside  of  the  pass 
band,  mismatch  due  to  the  filters  loading  one  another  is  minimised.  Figure  5 
shows  the  responst  cures*  of  the  individual  filters,  independently  driven, 
and  figure  6 shows  the  response  of  the  filters  when  driven  in  parallel  from  a 
common  source  in  a circuit  identical  to  that  used  in  the  equipment.  Figure  7 
shows  the  voltage  variation  at  the  input  of  a typical  filter  unit  as  the 
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frequency  is  varied  through  the  pass  bend  of  the  filter.  The  filter  loads 
the  driving  circuit  very  little  outside  of  its  pass  bead. 


a.  Date. 

(1)  Cabinet  Si  set  19j*  vide  x 22j*  deep  x til*  high,  over-all, 
including  desk  end  bulkhead  shock  aerate  ead  cleanup*  for  control  knobs, 
figure  8 shows  outline  and  aountlag  dimensions. 

(2)  Weight  t 320  lba.  including  shock  mounts. 

(3)  71iu.lt  Exterior,  gray  enamel;  interior,  aluminum  Is  iriditad 
and  water  lacquer  finished,  ferrous  metals  cadsiua  pitted  and/or  gray  enaaal. 

(1)  Power  Bequirmentsr  LBO  volt-amperes  at  115  volte,  60  cycles. 

(5)  Interconnection t a diagram  showing  the  interconnection  wiring 
betweon  the  DRUG  and  QHB  is  shown  in  figure  9* 

b.  Cabinet. - figures  10  and  11  ere  front  end  rear  views  of  the  cabinet 
showing  the  location  of  the  various  chassis  and  controls.  The  Drams  is  made  of 
3 A”  x 3 A"  * 1/8"  cold  rolled  steel  angle  and  is  of  all  welded  conetruction. 
frame  covers  of  lA6"  cold  rolled  steel  sheet  are  used  to  help  shield  the 
magnetic  storage  unit  from  stray  magnetic  fields. 

c.  Power  Supply.-  Two  views  of  the  power  supply  are  shown  in  figures 
12  and  13.  The  power  supply  is  constructed  on  a 1A&*  cold  rolled  steal 
cadmlua  plated  chassis,  and  the  cover  is  of  l/32*  cold  rolled  steel,  also 
cadmium  plated.  All  transformers  era  hermetically  sealed  in  steel  cases. 

d.  Display  Chassis.-  figures  Hi  through  18  show  the  display  chassis. 

It  is  constructed  basically  of  alvr&xwa,  with  the  cathode  ray  tube  shield, 
commutator  shield,  and  miscellaneous  mall  parts  of  steel  or  steel  alloys. 
Various  views  of  the  individual  component  chassis  are  shown  in  figures  19 
through  2l«,  and  figures  25  through  27  show  the  sampling  commutator. 

e.  filter  and  Beproduca  Amplifier  Chassis.*  This  chassis  contains  the 
12  bend  pass  filters  and  the  12  plug-in  amplifier  units  which  contain  the  18 
reproduce  amplifiers,  four  amplifiers  per  unit,  figures  23  through  30  £><** 
the  chassis,  figure  31  shows  the  channel  on  which  the  12  filters  are  mounted, 
figure  32  shows  the  BC  parallel  T rejection  filters,  and  figures  33  through 
35  >hov  various  views  of  one  of  the  plug-in  amplifier  unite. 

f . Magnetic  Storage  Chassis,-  The  magnetic  storage  chassis  contains 
the  magnetic  recording  drum,  associated  drive  motor  and  gear  train,  the  12 
magnetic  record  unite,  one  per  range-rate  channel,  and  the  it8  magnetic  re- 
produce unite,  four  per  channel,  distributed  around  the  periphery  of  the  dnmu 
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the  range  generator  potentiometer,  the  keying  pulse  sdcro-svitches,  and  the 
reproduce  unit  compensation  potentiometer  are  alao  in  this  chassis.  The 
gear  train  includes  two  electro -magnetic  clutches  which  enable  the  speed  of 
the  drm  to  be  changed  in  accordance  with  the  ping  repetition  interval  used. 

Figures  36  through  38  are  front,  top  and  rear  views  of  this  chassis  showing 
the  location  of  the  various  parts.  The  metal  drua  which  supports  the  magnetic 
recording  rubber  belts  was  cast  of  el  minus  and  machined  to  siae.  It  is 
supported  by  ball  bearings  at  the  top  and  bottom,  and  is  driven  through  the 
ring  gear.  Refer  to  figure  U for  a view  of  a magnetic  record-reprcduce  unit 
and  supporting  bracket  assembly. 

g.  Accessories.-  Two  plug-in  units  are  used  to  replace  tubes  V-721  and 
V-709  in  the  QHB  equipment  uhen  the  Dnppler-Rmige  Rate  Correlator  ia  used  with 
the  QHB.  The  plug-in  crystal  oscilli.  or  stabilises  the  QHB  i-f  frequency  and 
the  other  unit  provides  a cathode-follower  output  stage  to  feed  the  65-ko 
audio  i-f  signal  to  the  Doppler-Renge  Rata  Correlator. 

10.  Circuit  Description.-  The  Doppler-Range  Rate  Correlator  takes  the 
amplified  ping  return  signal  from  tha  (JiB  and  processes  it  tnrcugh  e group  of 
12  par  ailed  filters  to  determine  the  doppler  frequency.  The  outputs  of  the 
filters  are  stored  on  a magnetic  recording  drum  capable  of  storing  four  con- 
secutive pings.  The  stored  pings  are  simultaneously  reproduced,  amplified, 
rectified  and  added  together  along  with  the  envelope  of  the  immediately  return- 
ing ping.  The  sum  of  these  five  signals  ia  stored  in  a low  pass  filter  net- 
work. Since  there  ia  e stored  sum  of  five  consecutive  ping  returns  for  each 
doppler  channel,  a sampling  cossnutator  is  used  to  continuously  sample  all  of 
the  low  pass  filter  networks  in  order  to  present  the  information  on  a single 
cathode  ray  tube  display. 

a.  Block  Diagram.-  A functional  block  diagram  of  the  equipment  is  shown 
in  figure  39.  A plug-in  crystal  oscillator  unit  replaces  the  master  oscillator 
tube  in  the  QHB  ir.  order  to  stabilize  the  QHB  frequency.  VI th  the  unicontrol 
frequency  system  used  in  QHB,  a stable,  drift-free  master  oscillator  results 
in  an  equally  stable  i-f  frequency  in  the  receiver. 

The  plug— In  unit  replacing  V-709  in  the  QHB  audio  i-f  docs  net  alter  the 
QHB  circuit  except  for  providing  e cathode-follower  evtput  stage  to  feed  the 
65-ko  i-f  signal  through  the  coaxial  transmission  line  to  the  Doppler-Range 
Rate  Correlator  input.  Tha  signal  is  then  heterodyned  in  a mixer  stage  with 
the  output  of  a 6l.l406-kc  crystal  oscillator  to  translate  it  to  the  frequency 
band  used  by  the  filtere.  The  output  of  tha  mixer  stage  is  amplified  and  fed 
to  the  inputs  of  the  twelve  filter  unite. 

The  3-db  bandwidth  of  each  of  the  filter  units  is  36  cycles,  corresponding 
to  2 knots  range  rate  at  the  QHB  transmitting  frequency,  and  they  are  center- 
ed every  36  cycles  throughout  the  band  used,  thus  covering  from  zero  to  22 
knots  range  rate  closing  in  2-knot  stepe.  The  output  of  each  filter  unit  is 
connected  to  e record  head  on  the  magnetic  recording  storage  drum.  The  out- 
put of  each  filter  is  also  fed  through  e parallel  T 10-kc  null  network  to 
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the  reproduce  amplifier  units.  Tbs  10-kc  noil  networks  are  used  to  prevent 
ary  of  the  10-kc  bias  signals  used  in  the  record  heads  from  getting  into  the 
reproduce  amplifier  circuits* 

The  magnetic  storage  drua  is  divided  into  12  tracks,  one  for  each  of  the 
doppler  channels  associated  with  the  12  filter  units.  The  10-kc  bias  oscilla- 
tor and  power  amplifier  furnishes  the  proper  bias  current  for  the  record  heeds. 
Permanent  magnets  are  used  to  erase  the  magnetic  tracks  just  prior  to  the  re- 
cording heads.  Four  reproduce  heads  are  positioned  around  the  periphery  of 
the  drum  for  each  of  the  12  tracks.  These  reproduce  heads  are  positioned 
exactly  one  ping  interval  apart  on  the  zero  range  rate  track  so  that  four 
consecutive  echoes  from  a target  of  zero  range  rate  would  be  reproduced 
simultaneously  by  the  four  reproduce  heads.  The  spacing  of  the  four  heads  on 
each  of  the  other  range  rate  tracks  is  basically  the  same  except  that  each 
head  is  advanced  toward  the  record  head  a distance  sufficient  to  compensate 
for  the  closing  range  rate  represented  by  that  track.  Thus,  if  the  range 
rate  corresponds  to  the  doppler,  so  that  the  echo  is  recorded  on  the  correct 
trade  for  the  range  rate  of  the  target,  then  four  consecutive  echoes  recorded 
on  any  given  track  will  be  picked  up  by  the  four  reproduce  heads  on  that  track 
simultaneously. 

The  outputs  of  the  four  reproduce  heads  of  each  range  rate  track  are 
amplified,  rectified,  added  together,  and  stored  in  a low  pass  filter  network. 
The  immediately  returning  ping  which  is  being  recorded  ia  divided  down  to  the 
correct  level,  rectified,  and  added  to  the  four  stored  pings  to  give  a voltage 
in  the  low  pass  filter  which  is  the  result  of  integrating  over  five  consecutive 
pings. 

Each  low  pass  filter  1 j connected  to  a segment  on  the  sampling  commutator. 
The  output  of  the  sampling  commutator  is  amplified  by  the  d-c  coupled  2 axis 
amplifier  and  used  to  modulate  the  Intensity  of  the  cathode  ray  tube  beam. 

The  other  section  of  the  commutator  is  used  to -synchronize  the  vertical  sweep 
of  the  CRT  display  by  discharging  the  sweep  capacitor  once  each  sampling  cycle. 
The  sawtooth  voltage  appearing  across  the  capacitor  in  the  capacitor  charging 
network  of  the  vertical  sweep  generator  is  converted  into  a sawtooth  current 
through  the  CRT  vertical  deflection  colls  by  the  vertical  deflection  amplifier. 

The  synchronous  motor  which  drives  the  magnetic  storage  drum  also  operates 
the  micro-switch  used  for  Initiating  the  keying  pulse  for  the  GPB.  The  range 
generator  potentiometer,  which  is  also  geared  to  the  drum  motor,  produces  a 
linearly  rising  voltage  which  is  converted  into  a current  in  the  horizontal 
deflection  coils  by  the  horizontal  deflection  amplifier  to  produce  a hori- 
zontal displacement  of  the  beam  proportional  to  the  range.  (Actually,  the 
linearly  rising  voltage  produces  a linearly  changing  current  in  the  deflect- 
ion coils,  by  means  of  the  amplifier,  whose  time-rate  of  change  is  proportional 
to  the  round-trip  speed  of  sound  in  water  so  that  a returning  echo  brightens 
the  beam  at  a point  whose  displacement  from  the  zero,  or  starting  point,  is 
proportional  to  the  range  of  the  target.) 
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b.  Pov?r  Supply.-  A schematic  diagram  of  the  power  supply  is  shown 
in  figure  b6.  This  unit  provides  all  of  the  plate  and  filament  voltages 
used  by  the  equipment.  The  CRT  anode  is  supplied  by  ;■  separate  5000-volt 
d-c  power  supply  located  on  the  display  chassis.  Note  that  all  of  the  plate 
current  must  pass  through  the  focus  coil,  or  the  focus  rheostat  which  shunts 
the  focus  coil,  before  being  distributed  to  the  various  chassis.  The  fllsssint 
transformer  which  supplies  voltage  to  the  reproduce  amplifiers  has  an  adjust— 
able  center  tap  provided  by  the  500-oha  potentiometer  and  is  floated  a few 
volts  positive  with  respect  to  B-.  This  is  dene  to  minimise  the  possibility 
of  bum  pickup  in  the  reproduce  amplifiers  due  to  the  fllament-to-cathode  leak* 
age.  The  component  values,  voltages,  and  currents  are  indicated  on  the 
schematic  diagram. 

c.  Display  Chassis.*  This  chassis  contains  the  cathode  ray  tube,  ite 
associated  display  circuits,  the  signal  frequency  translator  and  amplifier, 
the  10-kc  bias  oscillator,  the  sampling  commutator,  and  the  CRT  5000-volt 
anode  supply.  It  also  contains  the  various  operating  controls,  such  as  power 
switch,  range  interval  selector  switch,  storage  switch,  etc,  that  are  not 
necessarily  an  integral  part  of  these  circuits  but  are  located  on  this  chassis 
for  operational  convenience.  Figure  !il  is  a schematic  diagram  of  the  display 
chassis.  This  schematic  does  not  include  the  117-volt  a-c  power  or  filament 
power  wiring  since  this  wiring  is  shown  in  figures  1*8,  h9  and  50. 

The  signal  from  the  QHB  comes  in  through  P-203/Uj  to  the  frequency  trans- 
lator and  amplifier  unit  shown  in  the  upper  left  portion  of  the  schematic.  The 
0.01  pf  coupling  capacitor  and  125-mh  choke  are  arranged  to  enable  the  co- 
axial line  to  carry  plate  voltage  to  the  plug-in  cathode-follower  output 
etage  in  the  QRB  as  well  as  signal  from  the  cathode  follower  to  the  frequency 
translator  input.  A 12AX7  arranged  aa  a carrier  balanced  mixer  is  used  to  con- 
vert the  65-kc  incoming  signal  to  59U  cycles.  The  6i;.li06-kc  local  oscillator 
is  crystal  controlled  to  achieve  maxima*  frequency  stability  since  a frequency 
change  of  only  0.05%  in  the  local  oscillator  would  put  the  signal  in  the  wrong 
doppler  filter.  The  push-pull  12AU7  amplifier  can  provide  up  to  1 watt  of  out- 
put power  across  the  600 -ohm  line,  which  is  more  than  sufficient  to  drive  the 
12  record  heada  through  the  doppler  filters. 

The  10-kc  bias  oscillator  unit  shown  at  the  lover  left  of  the  schematic 
obtains  its  plate  supply  through  a potentiometer  to  provide  a means  of  ad- 
justing its  output  level.  The  12AU7  push-pull  output  amplifier  provides 
sufficient  10-kc  current  to  bias  the  12  recording  heads. 

The  display  circuits  are  shown  at  the  right  hand  side  of  the  schematic 
with  the  Z axis  amplifier  at  the  top  and  the  sweep  circuits  directly  below. 

The  horizontal  and  vertical  sweop  circuits  are  alike  except  for  the  method 
of  generating  the  sweep  voltage.  The  horizontal  sweep  voltage  is  obtained 
from  a mechanically  driven  linear  potentiometer  located  in  the  magnetic 
storage  unit.  This  potentiometer  la  connected  through  terminals  9,  10,  and 
11  on  P-202,  with  terminal  11  being  connected  to  the  arm.  The  vertical  sweep 
is  generated  by  a 0.1  microfarad  capacitor  whi'-h  charges  toward  the  255-volt 
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supply  line  and  is  discharged  by  a section  of  the  sampling  commutator  once  each 
sampling  cycle.  The  sveep  circuits  are  basically  paraphase  bridge  circuit* 
with  a triode  used  as  a variable  resistance  element  in  each  of  the  four  bridge 
legs.  The  bridgo  is  unbalanced  by  the  sweep  voltage  generated  at  the  incut 
.grid.  The  input  triode  drives  its  mate  in  an  inverse  direction,  exaggerating 
the  unbalance,  through  the  cossnon  cathode  coupling  aided  by  the  direct  coupl- 
ing provided  by  the  2,7-megohm  resistor.  The  unbalance  current  flowing 
through  the  deflection  col1 s creates  bias  voltages  across  the  300-ohm  bias  re- 
sistors in  the  plate-cathode  leada  which  unbalances  the  triodee  in  the  upper 
arms  of  the  bridge  in  the  direction  to  help  increase  the  unbalance  current 
flowing  through  the  deflection  coils.  This  particular  type  of  deflection 
vlrcuit  is  quite  efficient  since  it  provides  an  unusual  amount  of  deflection 
current  for  a given  current  drain  from  the  plate  supply. 

The  d-e  coupled  l axis  amplifier  modulates  the  C&T  beam  in  accordance 
with  the  output  of  the  sampling  commutator.  The  cathode  of  the  CRT  is  held 
positive  with  respect  to  the  grid  by  means  of  a voltage  divider  from  the 
♦255-vclt  line.  The  quiescent  grid  voltage  of  the  CRT  is  determined  by  the 
setting  of  the  intensity  control,  which  is  normally  adjusted  to  keep  the  beam 
current  Just  cut  off.  Since  the  output  of  the  cownutator,  if  any,  is  always 
a positive  voltage,  the  most  linear  region  of  amplification  is  occupied  by 
positive  input  voltages  when  tfce  intensity  control  is  adjusted  for  beam  current 
cut-off.  The  frequency  response- of  the  Z axis  amplifier  was  made  constant 
up  to  approximately  bO  kc  to  enable  the  discrete  samples  to  be  distinguished 
(the  samples  are  approximately  0./$  milliseconds  in  duration  with  the  spaces 
between  samples  approximately  0.2  milliseconds).  • 

d.  Filter  and  Reproduce  Amplifier  Chassis.-  The  schematic  diagram  cf 
this  chassis  is  shown  in  figure  1*2.  The’  signal  from  the  amplifier  in  the 
display  chassis  comes  in  through  K and  L of  P-213  and  is  fed  to  the  inputs 
cf  the  filters  through  600 -ohm  isolating  resistors.  The  600 -ohm  output  im- 
pedance of  the  amplifier  in  series  with  the  600-ohm  isolating  resistor 
matches  the  1200-ohm  terminating  impedance  of  each  filter  throughout  the  pass 
band  cf  that  filter.  The  output  of  each  filter  is  connected  through  a 1200- 
ohm  termination  resistor  to  its  record  head  since  the  impedance  of  the  record 
head  is  low  at  these  frequencies.  The  bias  current  is  connected  to  each  re- 
cord head  through  an  isolating  capacitor  whoso  reactance  matches  the  re- 
actance cf  the  head  at  the  bias  frequency  to  provide  maximum  transfer  of 
energy  at  the  bias  frequency.  Since  the  reactance  of  the  capacitor  is  large 
at  the  signal  frequency,  the  recording  heads  are  effectively  isolated  from 
one  another  for  the  signal.  The  10-kc  parallel  T null  networks,  of  which  a 
typical  configuration  is  shown,  offers  nc  attenuation  to  the  signal  frequency, 
but  prevents  the  10-kc  bias  frequency  from  entering  the  reproduce  amplifier 
units. 

A schematic  diagram  typical  of  the  filter  units,  with  filter  data,  is 
aho-m  in  figure  1*3;  figure  bb  is  a schematic  typical  of  the  12  reproduce 
amplifier  plug-vn  unite.  These  ur.it.>.  connect  to  jacks  J-301  through  J-312 
shown  on  figure  1*2.  The  signals  from  the  four  reproduce  heads  - of  the  range 
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rata  track  Associated  with  the  particular  plug-in  unit  under  eonsideratiem  • 
a ra  amplified  by  the  12117  triode  sections,  after  suitable  step-up  through 
the  input  transformer,  rectified  by  the  Ili5lA  germanium  diodes,  and  the  no- 
tified signals  are  added  together  in  the  low  pass  filter  composed  of  the 
0.05  pf  capacitor*  The  direct  signal  from  the  filter  aeaoelated  with  a 
particular  plug-in  unit  cornea  through  the  parallel  T null  network,  shown  la 
figure  U2,  to  terminals  16  and  19  on  figure  Uj  i *ere  it  is  adjusted  to  the 
proper  level  tgr  the  voltage  divider,  rectified,  and  added  with  the  other 
four  rectified  signals.  Xne  voltage  divider  presents  to  the  rectifier  the 
•sae  impedance  as  the  output  impedance  of  the  12117  triode  sections  so  that 
all  rectifier  circuits  operate  exactly  the  asms  and  the  adding  circuit  sees 
the  same  output  impedance  from  all  five  rectifiers.  This  insures  correct 
operation  of  the  adding  circuit.  A separate  plate  supply  for  each  of  ths 
121X7  tubes  is  brought  throv  h the  storage  switch  on  the  display  chassis  to 
enable  one  or  both  of  the  121X7  tubes  to  be  disconnected  to  prevent  ampli- 
fication, This  enables  the  operator  to  select  ths  number  of  pings  to  be  in- 
tegrated over,  1,  3,  or  5.  In  the  1 position  of  the  switch  ths  direct  signal 
is  the  only  one  used  and  rang*,  rate  correlation  is  prevented,  the  system 
operating  as  a frequency  scan  receiver.  In  the  3 position  two  stored  pings 
are  used  with  the  direct  signal.  Zn  the  $ position  all  stored  pings  are 
utilised,  A wiring  diagram  of  the  storage  switch  circuit  Is  shown  in 
figure  ti5. 


e.  Kannetlc  Store-e  Chassis.-  figure  16  is  an  electrical  diagram  of  the 
magnetic  storage  chassis.  A potentiometer  is  connected  aeries  each  of  the  re-  j 

produce  heads  as  a variable  load  resistance  to  enable  the  output  level  of  all  I 

of  the  heads  to  be  equalised.  (Twisted  pair,  shielded  leads  are  uesd  for  the 
signal  circuits  throughout  ths  equipment.  The  shields  are  grounded  to  the 
equipment  chassis  at  only  one  place.)  Details  of  ths  magnetic  record-re- 
produce heads  are  given  in  paragraph  8d,  details  of  ths  etoraga  drum  in  So, 
and  information  on  ths  magnetic  recording  rubber  belts  used  as  s medium  are 
given  in  8b.  I 

The  magnetic  recording  dim  is  driven  by  a 1200  rjn  synchronous  speed  : j 

motor  throurh  either  of  two  electro-oagnotlo  dutches  .and  their  associated  speed  { j 

reducing  gear  trains.  Selection  of  which  clutch  le  used,  by  means  of  the  I ; 

range  selector  switch  on  ths  display  chassis,  determines  the  speed  of  the  ] 

drum.  One  speed  if  correct  for  the  37  SO -yard  ran’*  ping  interval  while  the 
other  la  correct  for  the  1500-yard  range.  A bridge  type  selenium  rectifier  j 

and  SC  filter  is  used  to  obtain  the  proper  d-c  voltage  for  the  duteh  operation.  j 

The  range  generator  potentiometer  and  the  e n operating  the  keying 
switches  are  driven  through  the  sans  gear  train  that  operates  the  drum.  Two 
micro-switches  are  used  to  initiate  the  keying  pulses,  one  being  used  for  the 
3750-yard  range  Interval,  the  other  for  the  1500-yard  lntarval.  The  QH3 
has  a fixed  time  delay  in  keying  which  is  independent  of  range  interval, 
but  in  this  equipment  the  delay  is  s fixed  percentage  of  the  drum  circumference  ! ' 

(a  constant  angls)  which  varise  in  time  as  the  drum  speed  vailes.  Thus,  two  j 

micro switches  sre  used,  and  these  are  positioned  slightly  different  in  re- 
lation to  the  operating  cam  so  that  the  range  sweep  on  the  cathode  ray  tube  J 
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will  always  start  at  a position  which  will  cause  the  outgoing  ping  of  the  j 

QHB  to  occur  at  zero  time  on  the  display.  I 

f.  Range  Switch.-  A wiring  diagram  of  the  range  switch  showing  all 
of  its  functions  is  given  in  figure  1j7.  One  section  selects  the  correct 
clutch  to  drive  the  drum,  the  seccnd  section  selects  the  proper  micro- 
switch  to  use,  while  the  third  section  energizes  the  correct  set  of  laana  to 
illuminate  the  range  scale  being  used. 


g.  Wiring  and  Interconnection  Diagrams.-  Figure  U8  is  a ladder  schematic 
showing  the  distribution  of  the  117  volts  a-c  primary  power,  figure  L9  is  a 
schematic  of  the  6.3  volts  a-c  filament  power  distribution,  and  figure  50  is 

a wiring  diagram  of  the  filament  and  power  distribution  shown  schematically 
in  1*8  and  1*9. 

Figure  51  is  a complete  interconnection  wiring  diagram  showing  the  connec- 
tions between  the  various  chassis  which  make  up  the  equipment. 

h.  Accessories.-  Circuit  schematics  of  the  plug-in  oscillator  unit  and 
plug-in  output  unit  are  shown  in  figures  52  and  53.  The  crystal  controlled 
oscillator  employs  a circuit  which  is  conventional  for  crystals  in.  this  fre- 
quency range.  Plate  supply  for  the  oscillator  is  obtained  through  pin  2 on 
the  octal  socket.  The  6Cl*  triode  simply  replaces  the  keyed  buffer  trlode 
section  of  V-721,  which  was  not  involved  in  the  QHB  oscillator  circuit  proper, 
to  keep  the  QHB  circuit  as  nearly  normal  as  possible.  The  plug-in  oscillator 
generates  almost  as  much  signal  voltage  as  the  original  QHB  oscillator,  and 
should  have  no  effect  on  the  output  power  of  the  QHB  transmitter.  The  fre- 
quency stability  of  this  oscillator,  determined  by  the  crystal  characteristics, 
is  such  that  over  the  temperature  range  0°  C to  50°  C the  frequency  should 
remain  within  t 0.005%  of  its  nominal  frequency  (which  ie  65.0OOkc  t 1 cycle 

at  25°  C). 
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The  plug-in  output  unit,  figure  53,  does  not  alter  the  QHB  receiver  cir- 
cuit since  the  6SG7  circuit  is  not  changed,  but  provides  a cathode  follower 
output  stage  to  feed  the  65-kc  i-f  signal  into  the  transmission  line.  The 
cathode  follower  is  necessary  to  prevent  the  transmission  line  from  loading 
or  altering  the  characteristics  of  the  QHB  i-f  circuit.  The  transmission 
line  serves  the  dual  purpose  of  supplying  the  6Cl*  cathode  follower  with  plate 
voltage  as  well  as  carrying  signal  to  the  Doppler-Range  Bate  Correlator, 
giving  rise  to  the  circuit  arrangement  shown  in  figure  53. 

SECTI CM  D 
CONCLUSIONS 

11.  The  Doppler-Range  Rate  Correlator  (DRRC)  has  been  bench  tested  and  de- 
monstrated with  simulated  QHB  targets  in  a background  of  white  noise.  Al- 
though these  tests  are  by  no  means  conclusive,  simulated  echos  were  de- 
tected on  the  ERRC  display,  after  a five-ping  integration  period,  which 
were  very  difficult  to  recognize  by  ear  alone  at  the  QHB  audio  output. 
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The  tests  conalusively  demonstrated  a marked  improvement  in  echo  to  btckgroufad 
ratio  due  to  the  integration  over  a five-ping  interval.  Although  the  lack 
of  reverberations  ana  substitution  of  white  noise  for  water  seise  would  stake 
it  difficult  to  extrapolate  the  results  of  the  simulated  tests  to  forecast 
performance  under  actual  operating  conditions,  the  results  of  the  simulated 
tests  are  promising  enough  to  warrant  sea  trials  of  this  equipment  tc  arses* 
its  performance* 

PART  n 

RECOHMENDATICHS 

12.  A demonstration  model  of  the  Doppler-Range  Correlator  has  been  leveloped 
end  bench  tested-  and  simulated  performance  has  been  successful!/  dftsonatreted. 
In  view  of  the  fact  that  actual  performance  can  only  be  assessed  under 
operational  conditions  aboard  ship  with  real  water  noise,  reverberation,  and 
targets,  it  is  highly  desirable  that  an  engineering  test  at  sea  be  conau  rea. 
It  is  recceeaended  that  this  contract  be  amended  to  include  such  a see  V.-ut  < od 
subsequent  reports  of  the  results.  It  is  suggested  that  the  results  of  the 
see  trials  be  appended  to  this  report  es  an  addendum. 
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